We study the Drell-Yan process at the Large Hadron Collider in presence of the noncommutative extension of standard model. Using the Seiberg-Witten map, we calculate the production cross-section to the first order in the noncommutative parameter Θ µν . Although this idea is evolving for long, limited amount of phenomenological analysis was done so far and dominantly in the context of linear collider. Some outstanding feature from this non-minimal noncommutative standard model not only modify the couplings over SM production channel, also allow additional nonstandard vertices which can play a significant role. Hence in the Drell-Yan process, as studied in present analysis, one also needs to account for gluon fusion process at the tree level. Some of the characteristic signatures such as oscillatory azimuthal distributions are outcome of the momentum dependent effective couplings. We explore the noncommutative scale Λ N C ≥ 0.4 TeV considering different machine energy ranging from 7 TeV to 13 TeV.
I. INTRODUCTION
The Large Hadron Collider (LHC) has so far been extremely successful in discovering and constraining the properties of the last missing bit of the Standard Model (SM) of particle physics, the Higgs boson [1, 2] . Apart from some isolated hints, it is broadly evasive lacking any clinching evidence yet from the physics beyond the Standard Model (BSM), exploration of which is one of the primary motive for post-Higgs LHC. On the other side, it is widely admitted that the SM can at most a very good description for low energy effective theory which, in fact, falls short to explain several outstanding issues both in theoretical expectations, as well as experimental observations.
The idea of field theories on the noncommutative (NC) spacetime is rather primeval, yet fascinating by introducing a fundamental length scale in the model consistent with the symmetry [3] . These ideas are further revived after realisation of their possible connection with the quantum gravity, where noncommutativity is perceived as an outcome of certain string theory embedded into a background magnetic field [4] . Quantum field theory is described by the fields and the local interaction in a continuous space-time point, where the canonical position and momentum variables x i , p j are replaced by the operatorx i ,p j which satisfy the commutation relation [x i ,p j ] = i δ ij .
Just like the quantisation in phase space, the spacetime coordinate in the noncommutative spacetime gets replaced by an operatorx µ which satisfy the commutation relation
where Θ µν is an antisymmetric matrix tensor and of dimension [M ] −2 . Now, one can take out the dimension full part in terms of mass parameter Λ N C and describe it as the fundamental NC scale at which one expects to see the effect of spacetime noncommutativity. c µν is the anti-symmetric constant c-number matrix which gives a preferred directionality and also a non-vanishing contribution results in deviating from exact Lorentz invariance in some high energy scale Λ N C . Theoretically this scale is unknown, but one can try to extract the lower bounds directly from the collider experiments by looking at the characteristic signals this framework can provide. LEP studied the prediction of the process e + e − → γγ in the noncommutative QED for several orientation of the OPAL detector and provided the exclusion limit at around 141 GeV [5] . With this very moderate bound, we have scope for significant improvement at the future runs of LHC. Drell-Yan process is arguably best explored process at hadron collider. With an extremely clean signals of di-lepton, this process is relied upon for calibrating the parton distribution function in hadrons. Any characteristic deviation can easily be a basis for the BSM search. In our present work, we study this important process in the context of noncommutative framework.
There are different approaches to study the effect of spacetime noncommutativity in a field theory. One is the Moyal-Weyl (MW) approach. In this approach, one replaces the ordinary product between two functions φ(x) and ψ(x) in terms of (Moyal-Weyl) product defined by a formal power series expansion of [6] [7] [8] 
Here f (x) and g(x) are ordinary functions on R n and the expansion in the star product can be seen intuitively as an expansion of the product in its non-commutativity. To describe some of the collider searches of spacetime noncommutativity available in the literature, Hewett et al. [9, 10] have studied the processes e + e − → e + e − (Bhabha) and e − e − → e − e − (Moller) and subsequent studies [11, 12] were done in the context of eγ → eγ (Compton) and e + e − → γγ (pair annihilation), γγ → e + e − and γγ → γγ. For a review on NC phenomenology, see [22] . In the context of LHC, the following investigations are in order. Noncommutative contribution of neutral vector boson (γ, z) pair production was studied [23] at the LHC and obtained the bound for the NC scale Λ ≥ 1 TeV under some conservative assumptions.
Further study on the pair producton of charged gauge bosons (W ± ) at the LHC in the noncommutative extension of the standard model found [24] significant deviation of the azimuthal distribution(oscillation) from the SM one (which is a flat distribution) for Λ N C = 700 GeV. More recently, t-channel single top quark production is calculated at the LHC and found significant deviation in cross section can be expected from the Standard Model for Λ N C ≥ 980 GeV [25] .
Second way of dealing this calculation is the Seiberg-Witten approach in which the spacetime noncommutativity is being treated perturbatively via the Seiberg-Witten (SW) map expansion of the fields in terms of noncommutative parameter Θ [4] . Here the gauge parameter λ and the gauge field A µ is expanded as
The advantage in the SW aprroach over the Weyl-Moyal approach is that it can be applied to any gauge theory and matter can be in an arbitrary representation. Using this SW map Calmet et al. first constructed [13, 14] the minimal version of the noncommutative standard model (mNCSM in brief) where they derived the O(Θ) Feynman rules of the standard model interactions and found several new interactions which are not present in the standard model.
All the above analyses were limited to the leading order in Θ. Phenomenological analysis was carried out for the process e + e − → γ, Z → µ + µ − at the order of Θ 2 and predicted a reach of around Λ N C = 800 GeV for the NC scale [15, 16] . successive study [17] also focused on the top quark pair production in the NCSM and predicted a similar reach of the NCSM scale.
The non-commutative standard model essentially the standard model with the background space-time being non-commutative. Contrary to most other BSM models where particle content and/or the gauge group is extended, there is no new massive degree of freedom is included here, but the standard model interactions get modified due to space-time noncommutativity. This gives rise the modified standard model interaction vertices extending with additional NC contributions. Moreover, it also provides a host of new vertices which are absent in the SM. It is demonstrated [13, 14, 18] that the minimal version of NCSM can only be realised in some definite choice of representation for the traces in gauge field kinetic term. Freedom of this choice leads to a more natural extended version. Melic et al. [20, 21] formulated the non-minimal version of NCSM (nmNCSM in brief), where the trilinear neutral gauge Boson couplings arise automatically. Note that such anomalous vertices were absent in the minimal version and the interactions in fermion sector remain unaffected by different choices of representation in gauge action. Using this formalism associated Higgs
Boson production is recently studied associated with the Z boson, taking into account of the earth rotation effect in the nmNCSM and found that the azimuthal distribution significant differs from the standard model result if the NC scale Λ N C ≥ 500 GeV [19] .
Exotic new vertices can serve as the Occam's Razor in differentiating the NCSM from other new physics models. In this paper, we discuss this possibility considering one of the very simple but reliable signature at the hadron collider which can portray its ability by distinguishing the effects of space-time noncommutativity from other new physics scenarios.
Our analysis is based on the parton level Drell-Yan process in producing the lepton pair at the large hadron collider
where light leptons (l ≡ e, µ) of opposite sign is produced at the final state. What is significant here, besides the standard quark initiated partonic sub-process for di-lepton production, gluon initiated processes can also contribute to this production cross-section. In the second The organization of the paper is as follows. In Sec. II, we describe the modified vertices and the new set of vertices (found to be absent in the SM) which may potentially contribute to the Drell-Yan lepton pair production at the hadron collider. We next obtain the matrix element square for the partonic sub-process and obtain the total cross-section, differential cross-section of Drell-Yan lepton pair production. In Sec. III, we demonstrate some of the characteristic distributions, such as, lepton pair invariant mass distribution, total cross-section, angular distribution. Arguing in favour of them carrying the hallmark for noncommutative effects we probe the sensitivity of the new vertices to the Drell-Yan lepton pair production. Finally, in Sec. IV we summarize our result and conclude.
II. DRELL-YAN PRODUCTION IN NONCOMMUTATIVE STANDARD MODEL
At the LHC lepton pairs can be produced at the tree-level via the (quark-like) parton initiated process (the only partonic level processes possible in the SM at the tree level)
1 Note that, in principle, K Zgg (and K γgg ) can be zero, in combination of other two couplings K γγγ and K Zγγ . But all three cannot be zero [18] simultaneously and these other two couplings can be tested at the linear collider with high degree of precession. We discuss this allowed range in the next section, and also demonstrate our results considering different values within this range. together with, in the NCSM additional three boson vertices ensures that lepton pairs can also be produced at the tree-level through gluon fusion,
Representative Feynman diagrams for these partonic subprocess are shown in Feynman rules in these figures are given by,
where g s , g, g are being the SU (3) C , SU (2) L and U (1) Y coupling strengths, respectively.
The tensorial quantity 
III. RESULT AND DISCUSSION
To estimate the noncommutative effects in our parton level calculation, we analytically formulate both subprocess initiated either by quark-antiquark pair or by gluon pair at the leading order. Using the Feynman rules to O(Θ) as described above and in Appendix A, the squared amplitude (spin-averaged) can be expressed as,
Detailed analytic expression for each nmNCSM amplitude-square is presented in Appendix B. The NC antisymmetric tensor Θ µν , analogous to the electro-magnetic field(photon) strength tensor, has 6 independent components: 3 are of electric type, while 3 are of magnetic type. We have chosen
and
in our analysis. (for more, see the Appendix C). We have not considered here the effect of earth rotation. The impact of earth rotation on Θ µν in DY process can be interesting, which is investigated in a future work. [26] . Also note that in the DY lepton distribution, besides the Lorentz invariant momentum dot product (e.g. p 1 .p 2 etc), the Θ-wieghted dot product (e.g. p 3 Θp 4 as one follows from Appendix C) also appears. These terms give rise non-trivial azimuthal distribution in the Drell-Yan lepton pair production as discussed at the end of our results. We estimate the parton level total cross section and differential distributions for the LHC operated at the energy √ S,
We employ CTEQ6L1 parton distribution function (PDF) throughout the analysis, setting the factorization scale µ f at the dilepton invariant mass M ll . After formulating the setup,
we are now in a position to describe the numerical results for the Drell-Yan lepton pair production in the presence of spacetime noncommutativity. In Fig. 3 we have shown the normalized di-lepton invariant mass distribution In Fig. 4 , we have plotted total leading order Drell-Yan cross section σ (in pb) against the LHC collision energy √ s. The lower curve corresponds to the SM cross section. We find σ = 635(1283) pb at √ s = 7(14) TeV, respectively. To estimate the total cross section,
we have considered the di-lepton invariant mass interval 60 GeV < M ll < 120 GeV. To visualise the effect we once again consider a very optimistic values of Λ N C = 0.6 TeV and coupling the cross-section σ decreases as the NC scale Λ N C increases and finally merges to the SM value at the very high value of Λ N C . Note that the NCSM contribution to DY process for K Zgg = 0 almost equal to the SM value as it receives very small contribution from the quark mediated partonic process and the dominant gluon mediated subprocess is absent due to K Zgg = 0 (and K γgg = 0). That causes this curve as the lowest (almost) horizontal curve, hence independent of Λ N C scale. In Table II From the Fig. 6 right plot, we see that the azimuthal distribution of leptons oscillates over The fermion f (quark q and lepton l) coupling to photon and Z bosons, to order O(Θ) is given by
Here we follow the following notation: i : in, o : out and ∆ / P in,out = / P in,out − m. Also
. Q f is the e.m. charge, and I f 3 is the third component of the week isospin of the fermion f (quark(q) or lepton(l)).
The factors θ 3 and ζ 3 arises in γ − g − g and Z − g − g are given by [21] ,
where g 3 , g 4 and g 5 are the moduli parameters defined in [18] .
Appendix B: Squared-amplitude terms
The amplitude-squared terms for the quark-(anti)-quark initiated partonic sub-process
,
Note that ampltude-square terms
For the gluon initiated partonic sub-process gg → (γ, Z) → l + l − , the squared-amplitude terms from the Feynman diagram 1(b), are given by 
Using these we may write the Θ-weighted dot-product as follows:
Here we have not considered the effect of earth rotation on the anti-symmetric tensor Θ µν in DY process. This will be reported elsewhere [26] .
